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STEEL AUTOMOTIVE DRIVE SHA FT WITH CARBON FIBER LINER 



FIELD OF THE INVENTION 

The present invention relates generally to drive 
shafts, in particular, to rotary drive shafts for use within 
5 automotive powertrain systems, and more particularly to a new 
and improved high-performance, high-speed rotary drive shaft 
for use within automotive powertrain systems wherein the ro- 
tary drive shaft is fabricated as a composite or hybrid 
structure comprising a radially outer steel tubular shaft and 

10 a radially inner carbon- fiber tubular shaft which is bonded 
to the internal peripheral surface of the radially outer 
steel tubular shaft, whereby the integrally bonded presence 
of the radially inner carbon-fiber tubular shaft within the 
radially outer steel tubular shaft not only permits such ro- 

15 tary drive shaft to meet original equipment manufacturing 
(OEM) specifications required, for example, by automotive 
racing authorities, such as, for example, NASCAR® (National 
Association for Stock Car Auto Racing) , but in addition, per- 
mits such rotary drive shaft to in fact exhibit optimized 

20 torsional stiffness, resonant frequency, and vibration char- 
acteristics so as to, in turn, permit the new and improved 
automotive drive shaft to in fact attain or achieve function- 
al or operational performance capabilities which are substan- 



tially enhanced with respect to, and in fact exceed, those 
operational performance capabilities which are characteristic 
of conventional PRIOR ART rotary drive shafts. 



BACKGROUND OF THE INVENTION 

5 As i s wel 1 known , convent ional automot ive drive 

shafts, that is, those drive shafts which are incorporated 
within conventional automotive motor vehicles that are pro- 
duced or manufactured by worldwide or global automobile manu- 
facturers for use by members of the general automotive driv- 

10 ing public, necessarily rotate at speeds of several thousand 
revolutions per minute (RPMs) . More particularly, the auto- 
motive engines, and the transmissions operatively connected 
thereto or associated therewith, whether such transmissions 
comprise either automatic transmissions or manual transmis- 

15 sions, that are incorporated within such conventional auto- 
motive motor vehicles, are ordinarily designed to withstand a 
predetermined maximum number of revolutions per minute, such 
as , for example, approximately seven thousand revolutions per 
minute (7000 RPMs) . It is accordingly noted that the tachome- 

2 0 ters, conventionally mounted upon or within the dashboards of 
such conventional automotive motor vehicles, have upper limit 
revolution regions that are conventionally colored red so as 
to effectively visually indicate to the automotive motor ve- 
hicle driver that the automotive motor vehicle is not to be 

2 5 driven and operated in such a manner wherein the indicated 
number of revolutions of the engine and transmission would 
exceed the aforenoted maximum number of revolutions per min- 



2 



ute and thereby enter into or be within the red- colored re- 
gion. The demarcation or dividing line effectively separating 
the lower end portion of such red-colored region of the ta- 
chometer from the upper end portion of the white-colored re- 
5 gion of the tachometer, which visually indicates the revolu- 
tion range within which the engine and transmission of the 
automotive motor vehicle is to be normally or acceptably dri- 
ven and operated, is conventionally known as the red-line. It 
is additionally known by the general automotive driving pub- 

10 lie that, during normal operation of such conventional auto- 
motive motor vehicles, the red-line is not to be exceeded be- 
cause severe damage to the motor vehicle engine and transmis- 
sion can possibly, and will probably, occur. Still further, 
it is additionally noted that during the course of everyday 

15 driving, whether under city street or highway driving condi- 
tions, the engine and transmission components of such conven- 
tional automotive motor vehicles normally do not experience 
rotary revolutions which exceed five thousand revolutions per 
minute (5000 RPMs) . 

2 0 The foregoing modes of operation, however, do not 

apply to high-performance automotive motor vehicles, such as, 
for example, those automotive motor vehicles which are driven 
and raced by professional race car drivers within profession- 
al automotive racing arenas, at professional automotive rac- 
25 ing venues, or upon professional automotive race car tracks, 
during automotive motor vehicle races which are conducted un- 
der the auspices of, or sponsored by, any one of various pro- 
fessional automotive racing authorities, organizations, asso- 
ciations, or the like, such as, for example, CART* ( Champion - 

3 0 ship Auto Racing Teams) , IRL® (Indy Racing League) , IROC® (In- 
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ternational Race of Champions) , NASCAR 3 * (National Association 
for Stock Car Auto Racing) , NHRA 0 (National Hot Rod Associa- 
tion) , PRA* (Pro Racing Association) , PRO® (Professional Rac- 
ing Organizations) , and USRRC* (United States Road Racing 
5 Championship) . Considered from an alternative or reverse 

point of view, the modes of operation of the automotive motor 
vehicles within the well-known professional automotive racing 
arenas, at the well-known professional automotive racing ven- 
ues, or upon the well-known professional automotive race car 

10 tracks, are vastly different from those modes of operation 

under which conventional automotive motor vehicles are driven 
by the general driving public upon public city streets and 
highways. For example, during professional automotive motor 
vehicle races , it is not uncommon for the automotive engines , 

15 and the transmissions operatively associated therewith or op- 
eratively connected thereto, to experience or undergo rota- 
tional modes of operation which can attain, for example, ap- 
proximately ten thousand revolutions per minute (10,000 
RPMs) . 

2 0 It is also known that when rotary shafts undergo 

rapid rotational movements, such as, for example, at or with- 
in the vicinity of the aforenoted levels approximating ten 
thousand revolutions per minute (10,000 RPMs), the shafts 
will tend to experience or exhibit slight amounts of deflec- 

25 tion or bending. Obviously, this operational phenomenon, 

characteristic of such high-speed rotary drive shafts, is un- 
desirable in view of the fact that such bending or deflection 
of the rotary drive shafts will result in vibration and fre- 
quency resonance within the rotary drive shafts with an at- 

30 tendant or resulting generation of noise, or still further, 
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the inducement of vibrations within other system components 
operatively attached to, connected to, or associated with the 
rotary drive shafts. Ultimately, such phenomena can adversely 
or deleteriously affect the structural integrity of the con- 
nections defined between the rotary drive shafts and the sys- 
tem components operatively connected thereto, or in addition, 
such phenomena can adversely or deleteriously affect the 
structural integrity of the rotary drive shafts per se which 
can, in turn, ultimately lead to structural fatigue or fail- 
ure of such rotary drive shafts. 

In order to mitigate, reduce, or attenuate such un- 
desirable and deleterious operational characteristics, as 
well as to ensure the overall structural integrity of such 
automotive motor vehicle rotary drive shafts, the various 
aforenoted racing authorities, organizations, and associa- 
tions, such as, for example, NASCAR® (National Association for 
Stock Car Auto Racing) , have mandated that the rotary drive 
shafts used within or upon all automotive motor vehicles to 
be raced within their arenas, at their venues, or upon their 
tracks, must be fabricated from particular materials, such 
as, for example, steel. However, even when the rotary drive 
shafts have in fact been fabricated from steel, they may ne- 
vertheless still experience the aforenoted bending or deflec- 
tion phenomena with the undesirably consequential results. As 
is further well known, the rotary drive shafts conventionally 
employed within such high-performance automotive motor vehi- 
cles comprise tubular members, and consequently, in an at- 
tempt to overcome the aforenoted structural and operational 
disadvantages and drawbacks characteristic of the convention- 
al rotary drive shafts utilized within high-performance auto- 



motive motor vehicles, it has been contemplated or proposed 
that a possible solution to the aforenoted structural prob- 
lems comprising the bending or deflection of the rotary drive 
shafts would be to fabricate the rotary drive shafts as solid 
5 rod members. It has been realized, however, that this is not 
in fact a viable or practical solution in view of the fact 
that fabricating the rotary drive shafts as solid rod members 
would add an inordinate or excessive amount of weight to the 
automotive motor vehicle, which is not at all desirable in 
10 connection with automotive racing cars. 

A need therefore exists in the art for a new and 
improved rotary drive shaft wherein the rotary drive shaft 
will be characterized by enhanced torsional stiffness proper- 
ties so as not to undergo or experience deflection or bending 

15 under high-speed, high-performance modes of operation, as has 
been characteristic of conventional PRIOR ART rotary drive 
shafts, whereby, in turn, the new and improved rotary drive 
draft would be particularly or specifically adapted for use 
within high-speed, high-performance rotary modes of operation 

20 as mandated or required, for example, within the automotive 
motor vehicle racing industry. 



SUMMARY OF THE INVENTION 

The foregoing and other objectives are achieved in 
accordance with the teachings and principles of the present 
2 5 invention through the provision of a new and improved compos- 
ite rotary steel drive shaft which comprises a radially outer 
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steel tubular member and a radially inner carbon fiber tubu- 
lar liner which is adhesively bonded upon the inner periphe- 
ral wall surface of the radially outer steel tubular member. 
The carbon fiber tubular liner is characterized by or exhib- 
5 its a relatively high modulus of elasticity, and accordingly, 
as a result of the adhesive bonding of the radially inner 
carbon fiber tubular liner upon the inner peripheral wall 
surface of the radially outer steel tubular member, the tor- 
sional stiffness properties of the resulting or composite ro- 

10 tary steel drive shaft are in fact dramatically increased or 
enhanced to such a degree that high-performance, high-speed 
rotary operation of the same, within the aforenoted ten thou- 
sand revolutions per minute (10,000 RPM) range, is enabled 
without the resulting or composite rotary drive shaft under- 

15 going or experiencing any detrimental or undesirable deflec- 
tion or bending, or any detrimental vibrational resonance, as 
has been characteristic of conventional, PRIOR ART rotary 
drive shafts. In addition, in view of the fact that the radi- 
ally outer member of the composite rotary steel drive shaft 

20 comprises a radially outer steel tubular member, the result- 
ing composite rotary steel drive shaft is considered to be a 
steel rotary drive shaft and is therefore acceptable to, and 
is able to be sanctioned by, the various professional auto- 
motive racing authorities, organizations, or associations. 



2 5 BRIEF DESCRIPTION OF THE DRAWINGS 

Various other features and attendant advantages of 
the present invention will be more fully appreciated from the 
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following detailed description when considered in connection 
with the accompanying drawings in which like reference char- 
acters designate like or corresponding parts throughout the 
several views, and wherein: 

FIGURE 1 is a longitudinal or axial cross-sectional 
view of a new and improved composite rotary steel drive shaft 
constructed in accordance with the principles and teachings 
of the present invention and showing the cooperative parts 
thereof ; 

FIGURE 2 is an enlarged transverse partial cross - 
sectional view of the new and improved composite rotary steel 
drive shaft as disclosed within FIGURE 1 and as taken along 
lines 2-2 of FIGURE 1; and 

FIGURE 3 is a schematic view of an automotive motor 
vehicle drive train system within which the new and improved 
composite rotary steel drive shaft, as disclosed within FIG- 
URES 1 and 2, can be utilized so as to not only permit the 
new and improved composite rotary steel drive shaft to be op- 
erated in accordance with the rules and regulations mandated 
by means of various professional automotive racing authori- 
ties, organizations, or associations, but in addition, the 
new and improved composite rotary steel drive shaft can be 
utilized in accordance with high-performance, high-speed 
modes of operation wherein the composite rotary steel drive 
shaft can desirably undergo or experience rotary speeds which 
are within the vicinity or range of ten thousand revolutions 
per minute (10,000 RPM) without experiencing any deleterious 
deflection, bending, or vibrational resonance. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 



Referring now to the drawings, and more particu- 
larly to FIGURES 1 and 2 thereof, a new and improved compos- 
ite rotary steel drive shaft, constructed in accordance with 
the principles and teachings of the present invention, is 
disclosed and is generally indicated by the reference char- 
acter 10. More particularly, the new and improved composite 
rotary steel drive shaft 10 is seen to comprise a radially 
outer tubular steel shaft member 12, and a radially inner 
carbon fiber tubular liner 14, wherein the radially inner 
carbon fiber tubular liner 14 is adapted to be fixedly or 
permanently bonded to the inner peripheral wall surface of 
the radially outer tubular steel shaft member 12 by means of 
a suitable adhesive, resin, or the like, which is illustrated 
at 16. It is to be noted that, as a result of the bonding of 
the radially inner carbon fiber tubular liner 14 upon the in- 
ner peripheral wall surface of the radially outer tubular 
steel shaft member 12, not only are the radially outer tubu- 
lar steel shaft member 12 and the radially inner carbon fiber 
tubular liner 14 components fixedly secured together so as to 
effectively define an integral structure comprising the com- 
posite rotary steel drive shaft 10, but in addition, the 
aforenoted bonding of the radially inner carbon fiber tubular 
liner 14 upon the inner peripheral wall surface of the radi- 
ally outer tubular steel shaft member 12 serves to effective- 
ly seal the annular or peripheral interface defined between 
the inner peripheral wall surface of the radially outer tubu- 
lar steel shaft member 12 and the radially outer peripheral 
wall surface of the radially inner carbon fiber tubular liner 
14. As may therefore be readily appreciated still further, 



such sealed bonding along the annular or peripheral interface 
defined between the inner peripheral wall surface of the ra- 
dially outer tubular steel shaft member 12 and the radially 
outer peripheral wall surface of the radially inner carbon 
5 fiber tubular liner 14 effectively prevents the accumulation 
of moisture along such annular or peripheral interface defin- 
ed between the inner peripheral wall surface of the radially 
outer tubular steel shaft member 12 and the outer peripheral 
wall surface of the radially inner carbon fiber tubular liner 

10 14. In this manner, corrosion of the radially outer tubular 

steel shaft member 12, and/or the structural deterioration of 
the radially inner carbon fiber tubular liner 14, is effect- 
ively prevented so as to, in turn, effectively prevent any 
compromise or degradation of the structural integrity com- 

15 prising the adhesive bond defined between the inner periphe- 
ral wall surface of the radially outer tubular steel shaft 
member 12 and the outer peripheral wall surface of the radi- 
ally inner carbon fiber tubular liner 14 components. Accord- 
ingly, the structural integrity of the overall composite ro- 

2 0 tary steel drive shaft 10 is preserved such that, for examp- 
le, delamination of the radially inner carbon fiber tubular 
liner 14, with respect to or away from the radially outer 
tubular steel shaft member 12, is effectively prevented so as 
to dramatically improve the service life of the composite ro- 

25 tary steel drive shaft 10. 

With reference continuing to be made to FIGURE 1, 
it is noted that the axial length dimension SSML of the radi- 
ally outer tubular steel shaft member 12 is substantially 
greater than the axial length dimension CFLL of the radially 
30 inner carbon fiber tubular liner 14, and the reason for this 
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is that internal spaces 18,18 are able to be defined intern- 
ally within the radially outer tubular steel shaft member 12, 
and more particularly, within those regions of the radially 
outer tubular steel shaft member 12 which effectively extend 
axially beyond the opposite end portions of the radially in- 
ner carbon fiber ■ tubular liner 14. The internal spaces 18,18 
are provided so as to be capable of accommodating or housing 
balancing weights, not shown, which may be placed, as neces- 
sary, within the internal spaces 18,18 defined within the ra- 
dially outer tubular steel shaft member 12 in order to rota- 
tionally balance the composite rotary steel drive shaft 10, 
in a manner similar to the conventional balancing of wheels 
upon an automotive vehicle, particularly under high revolu- 
tion operative conditions. It is noted still further, in ac- 
cordance with the unique and novel principles and teachings 
of the present invention that the integral disposition of the 
radially inner carbon fiber tubular liner 14 upon the intern- 
al peripheral wall surface of the radially outer tubular 
steel shaft member 12 advantageously or positively affects 
the torsional stiffness and vibrational resonance properties 
of the composite rotary steel drive shaft 10. 

More particularly, it is known that the torsional 
stiffness properties of a rotary tubular shaft member are a 
function of five characteristics or parameters, such as, for 
example, the diametrical dimension of the tubular member, the 
wall thickness dimension of the tubular member, the length 
dimension of the tubular member, the modulus of elasticity of 
the material from which the tubular member is fabricated, and 
the specific gravity of the material from which the tubular 
member is fabricated. In addition, it is also known that a 



carbon fiber tubular member is relatively light in weight and 
yet exhibits a relatively high modulus of elasticity. Accord- 
ingly, for a particular radially outer tubular steel shaft 
member 12, having a predetermined diametrical dimension, a 
predetermined wall thickness dimension, a predetermined leng- 
th dimension, and predetermined modulus of elasticity and 
specific gravity values characteristic of the precise steel 
material from which the radially outer tubular steel shaft 
member 12 is fabricated, the integral permanent bonding of 
the radially inner carbon fiber tubular liner 14 upon the 
inner peripheral wall surface portion of the radially outer 
tubular steel shaft member 12 effectively enhances the tor- 
sional stiffness properties of not only the radially outer 
tubular steel shaft member 12, but in addition, and most im- 
portantly, the torsional stiffness properties of the result- 
ing composite rotary steel drive shaft 10 are likewise sub- 
stantially enhanced. 

Still further, the addition of the radially inner 
carbon fiber tubular liner 14 as an integral auxiliary com- 
ponent upon the interior peripheral wall surface of the ra- 
dially outer tubular steel shaft member 12 also favorably al- 
ters the resonant frequency properties of the radially outer 
tubular steel shaft member 12 and, in turn, the resonant fre- 
quency properties of the resulting composite rotary steel 
drive shaft 10. In this manner, vibrational tendencies of the 
radially outer tubular steel shaft member 12, as well as 
those of the resulting composite rotary steel drive shaft 10, 
are significantly reduced or dampened so as not to adversely 
affect the rotational performance characteristics of the com- 
posite rotary steel drive shaft 10 and, in addition, so as 
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not to, in turn, induce resonant vibrations within those sys- 
tem components which may be operatively connected to the op- 
posite end portions of the composite rotary steel drive shaft 
10 . 

With reference now being made to FIGURE 3, a new 
and improved automotive motor vehicle drive train system, 
within which the new and improved composite rotary steel 
drive shaft 10 of the present invention, as disclosed within 
FIGURES 1 and 2, can be utilized so as to accordingly permit 
the new and improved automotive motor vehicle drive train 
system to be constructed in accordance with the principles 
and teachings of the present invention, is schematically dis- 
closed and is generally indicated by the reference character 
120. The operative incorporation of the new and improved com- 
posite rotary steel drive shaft 10 of the present invention 
within the new and improved automotive motor vehicle drive 
train system 12 0 of the present invention not only permits 
the new and improved composite rotary steel drive shaft 10 to 
be incorporated within an automotive vehicle which is to be 
operated in accordance with the rules and regulations mandat- 
ed by means of various professional automotive racing author- 
ities, organizations, or associations, but in addition, the 
incorporation of the new and improved composite rotary steel 
drive shaft 10 within the automotive motor vehicle drive 
train system 110 permits high-performance, high-speed rotary 
modes of operation of the various components of the automot- 
ive motor vehicle drive train system 12 0, within the vicinity 
or range of ten thousand revolutions per minute (10,000 RPM) , 
to be readily achieved or attained without experiencing any 
deleterious deflection, bending, or vibrational resonance. In 



view of the fact that the new and improved composite rotary 
steel drive shaft 10 of the present invention is incorporated 
within the new and improved automotive motor vehicle drive 
train system 120 of the present invention, a detailed de- 
scription of the new and improved composite rotary steel 
drive shaft 10 of the present invention will be omitted and a 
detailed description of the new and improved automotive motor 
vehicle drive train system 12 0 of the present invention will 
be confined to the additional system components beyond those 
of the new and improved composite rotary steel drive shaft 10 
of the present invention. It is additionally noted that those 
parts of the new and improved composite rotary steel drive 
shaft of the present invention, as incorporated within the 
new and improved automotive motor vehicle drive train system 
120 of the present invention, and which are similar to corre- 
sponding parts of the new and improved composite rotary steel 
drive shaft 10 of the present invention as disclosed within 
FIGURES 1 and 2, will be designated by corresponding refer- 
ence characters except that the reference characters will be 
within the 100 series. 

More particularly, it is seen that the new and im- 
proved composite rotary steel drive shaft 110 of the present 
invention is adapted to be operationally interposed between 
the engine and transmission components 122 of an automotive 
vehicle and the drive wheel components 124 of the automotive 
vehicle such that the upstream end portion of the new and im- 
proved composite rotary steel drive shaft 110 of the present 
invention is operatively connected to the automotive engine 
and transmission components 122 of the automotive vehicle 
while the downstream end portion of the new and improved com- 
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posite rotary steel drive shaft 110 of the present invention 
is operatively connected to the drive wheel components 124 of 
the automotive vehicle. As a result of the operative incorpo- 
ration of the new and improved composite rotary steel drive 
shaft 110 of the present invention within the new and improv- 
ed automotive motor vehicle drive train system 12 0 of the 
present invention, it can be readily appreciated that not on- 
ly can the new and improved composite rotary steel drive 
shaft 110 of the present invention qualify as a steel drive 
shaft in accordance with the rules, regulations, and mandates 
of the various professional automotive racing organizations, 
authorities, and associations so as to in fact be sanctioned 
or permitted to be used upon or within the racing tracks, 
venues, or arenas governed by such racing authorities, organ- 
izations, or associations, but in addition, the operative in- 
corporation of the new and improved composite rotary steel 
drive shaft 110 of the present invention within the new and 
improved automotive motor vehicle drive train system 12 0 of 
the present invention permits the automotive vehicle drive 
train system 12 0 to be operated under high-speed, high-per- 
formance rotary conditions within the vicinity or range of 
ten thousands revolutions per minute (10,000 RPM) . 

Still further, the new and improved composite ro- 
tary steel drive shaft 110 of the present invention exhibits 
enhanced torsional stiffness properties, as compared to con- 
ventional drive shafts, whereupon operative incorporation of 
the new and improved composite rotary steel drive shaft 110 
of the present invention within the new and improved automot- 
ive motor vehicle drive train system 120 of the present in- 
vention, the automotive vehicle drive train system 120 is 



capable of being operated under high-speed, high-performance 
rotary conditions without the new and improved composite ro- 
tary steel drive shaft 110 of the present invention exhibit- 
ing or undergoing any deflection or bending characteristics 
such that the new and improved composite rotary steel drive 
shaft 110 of the present invention operates in an extremely 
smooth manner, does not exhibit any undesirable vibrational 
resonance, and in turn, does not induce any undesirable vi- 
brational resonance within the joint connections defined be- 
tween the new and improved composite rotary steel drive shaft 
110 of the present invention and the engine and transmission 
components 122 of the new and improved automotive motor vehi- 
cle drive train system 120 of the present invention, or with- 
in the joint connections defined between the new and improved 
composite rotary steel drive shaft 110 of the present inven- 
tion and the drive wheel components 124 of the new and im- 
proved automotive motor vehicle drive train system 12 0 of the 
present invention, or within either one of the engine and 
transmission components 122 or the drive wheel components 124 
per se of the new and improved automotive motor vehicle drive 
train system 120 of the present invention. 

Thus, it may be seen that in accordance with the 
principles and teachings of the present invention, there has 
been provided a new and improved composite rotary steel drive 
shaft which comprises a radially outer steel tubular member 
and a radially inner carbon fiber tubular liner which is ad- 
hesively bonded upon the inner peripheral wall surface of the 
radially outer steel tubular member wherein the carbon fiber 
tubular liner is characterized by or exhibits a relatively 
high modulus of elasticity. Accordingly, as a result of the 
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adhesive bonding of the radially inner carbon fiber tubular 
liner upon the inner peripheral wall surface of the radially- 
outer steel tubular member, the torsional stiffness proper- 
ties of the resulting or composite rotary steel drive shaft 
5 are in fact dramatically increased or enhanced to such a de- 
gree that high-performance, high-speed rotary operation of 
the same, within the aforenoted ten thousand revolutions per 
minute (10,000 RPM) range, is enabled without the resulting 
or composite rotary drive shaft undergoing or experiencing 

10 any detrimental or undesirable deflection or bending, or any 
detrimental vibrational resonance, as has been characteristic 
of conventional, PRIOR ART rotary drive shafts. In addition, 
in view of the fact that the radially outer member of the 
composite rotary steel drive shaft comprises a radially outer 

15 steel tubular member, the resulting composite rotary steel 
drive shaft is considered to be a steel rotary drive shaft 
and is therefore acceptable to, and is able to be sanctioned 
by, the various professional automotive racing authorities, 
organizations, or associations. 

20 Obviously, many variations and modifications of the 

present invention are possible in light of the above teach- 
ings. For example, while the radially outer tubular member of 
the composite drive shaft has been noted as being fabricated 
from steel, the radially outer tubular member of the compos- 

2 5 ite drive shaft may alternatively be fabricated from other 
materials, such as, for example, aluminum, titanium, or the 
like, whereby similar, positive attributes of the overall 
composite drive shaft may nevertheless be readily attainable. 
It is therefore to be understood that within the scope of the 

30 appended claims, the present invention may be practiced oth- 
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erwise than as specifically described herein. 
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